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Abstract 
The feasibility of using phosphoric acid activated carbon produced from coconut shell to remove phenol from 
paint wastewater under batch mode was investigated. The results showed that adsorption of phenol was contact 
time, adsorbent particle size and adsorbent dosage dependent. The batch equilibrium adsorption data were 
analyzed by two-parameter adsorption isotherm models of Langmuir and Freundlich using the linear regression 
method. Both isotherm models fitted very well to the equilibrium adsorption data, however, the Freundlich 
isotherm equation provided the best model to describe the adsorption of phenol onto coconut shell activated 
carbon. Adsorption capacity ( fK ) of 2.01 mg/g and adsorption intensity ( n ) of 1.07 was obtained for granular 
coconut shell activated carbon and corresponding 3.63 mg/g and 1.55 for powdered coconut shell activated 
carbon at 30 oC. The adsorption kinetic data were fitted to three adsorption kinetic models (pseudo first-order, 
pseudo second-order and intra-particle diffusion) using the linear regression method. The three kinetic models 
fitted well to the adsorption kinetic data; however, the pseudo second-order kinetic model gave the best fit and 
the adsorption mechanism was controlled by film diffusion. Thus, phosphoric acid activated carbon produced 
from coconut shell has the potential for application as an effective adsorbent for phenol removal from 
wastewater.  
Keywords: Activated carbon; Adsorption isotherms; Adsorption kinetics; coconut shell; paint wastewaters. 
 
1. Introduction 
The ever increasing demand for water has caused considerable attention to be focused towards recovery 
and re-use of waste waters (Annadurai et al., 2000). More than two thousand chemical contaminants have been 
found in waste waters and over 600 are of organic origin (Annadurai et al., 2000). Effluents of paint 
manufacturing company (PMW) contain highly toxic compounds and organic biorefractory compounds such as 
phenol (Akyol, 2012). Phenol is a listed priority pollutant by the U.S. Environmental Protection Agency (EPA, 
1979) and is considered to be a toxic compound by the Agency for Toxic substances and Disease Registry 
(ATSDR, 2003). The adverse effects of phenol on health are well documented (Calabrese and Kenyon, 1991) 
and death among adults has been reported with ingestion of phenol ranging from 1 to 32g (Prpich and Daugulis, 
2005). The low volatility of phenol and its affinity for water make oral consumption of contaminated water the 
greatest risk to humans (Prpich and Daugulis, 2005). Generally, paint wastewaters have adverse effects on 
human health. If used in closed areas, its chemical components can irritate eyes, skin and lungs and causes 
headaches and nausea. It can also contribute to respiratory problems; muscle weakness, liver and kidney damage 
(Akyol, 2012). 
Therefore, removing phenols from wastewaters is important prior to discharging wastewater into the 
environment. Consequently, many treatment processes have been applied for the removal of phenols from waste 
waters. Some of these processes include: adsorption (Tan et al., 2009; Hamad et al., 2011), photo-fenten 
degradation (Poulopoulos et al., 2008), catalytic wet oxidation (Chaliha and Bhattacharyya, 2008), photocatalytic 
degradation (Laoufiy et al., 2008; Devipriya and Yesodharan, 2010), and biodegradation (Agarry et al., 2008; 
ElKarmi et al., 2009). Liquid-phase adsorption has been shown to be an effective way for removing suspended 
solids, odors, organic matter, and oil from aqueous solutions (Annadurai et al., 2002). Activated carbon is most 
widely used as adsorbent  in the removal of heavy metals, hydrocarbons and other hazardous chemicals 
(Hameed, 2009) which may be found in waste waters because of its high adsorptive capacity, but its high cost 
and difficulty in regeneration limits its commercial application in large-scale waste water treatment (Popuri et 
al., 2007).  
Most of the active carbon is black powder or granular amorphous carbon. In addition to its main 
component carbon, it also contains oxygen, hydrogen and other elements. Activated carbon has large specific 
surface area and good adsorption characteristics (Zhang et al., 2012). Adsorption on activated carbon is one of 
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the most efficient techniques used in water treatment process for the removal of organics and micro pollutants 
from wastes and drinking waters (Abassi and Stree, 1999). Activated carbon has been reported to have high and 
fast adsorption capacities (Chaiwattananont et al., 1998) due to its well developed porous structure, high surface 
area and high degree of surface reactivity (Ozcan and Ozcan, 2005). However, because of high cost of 
commercial activated carbon, its use in the field is sometimes restricted on economical considerations especially 
in developing countries like Nigeria. As such, attempts have been made by different researchers in recent years 
to develop activated carbons from preferably low cost materials such as industrial wastes as well as natural 
agricultural bye-products (baggase, palm date pits, palm shell, coconut husk, rubber seed pericarp, acanthaceae, 
periwinkle shell, bamboo) which are ubiquitous green waste in the environment for the removal of pollutants 
from waste waters (Sirichote et al., 2002; Vinod and Anirudhan, 2002; Mohammed et al., 2005; Badmus et al., 
2007; Hamad et al., 2011; Hussain et al., 2012; Agarry and Owabor, 2012). The characteristics of agricultural 
plant materials, such as polar and aromatic components, impose a significant influence on their sorptive behavior 
(Chen and Schnoor, 2009). More and more interests are focused on developing these agricultural wastes as 
adsorbent for wastewater treatment due to their relative high sorption affinity, ubiquitous presence in the 
environment, and the ease of being modified to materials with higher efficiency (Li et al., 2010; Chen et al., 
2011; Agarry and Aremu, 2012). Therefore, efforts are still needed to produce activated carbon from low cost 
adsorbents that have high adsorption capacity.  
Coconut palm (Cocos nucifera) is a member of the Arecaceae family (palm family). The coconut palm 
is grown throughout the tropics. It sustains the livelihood of millions of people in coastal regions of the tropical 
world (Hameed et al., 2008). It is one of the most important crops in Nigeria and thus, a large amount of coconut 
shells are generated annually which has no significant industrial and commercial uses, but becomes an issue and 
contributes to serious environmental problems. Therefore, any attempt to reutilize this waste will be useful as it 
will help in reducing environmental wastage. However, there is a dearth of information on the use of coconut 
shell activated carbon in the removal of phenol as organic pollutant from raw paint wastewater using the 
adsorption technology. Most of the information in literature reported the removal of phenol from simulated or 
synthetic phenol aqueous solution (Namasivayam and Kavitha, 2004; Sathishkumar et al., 2009; Ma et al., 2010; 
Hamad et al., 2011). Thus, this study was undertaken to prepare activated carbon from coconut shell using 
phosphoric acid as the activating agent to remove phenol from raw paint wastewaters. The adsorption isotherms 
and kinetics of phenol removal unto the coconut shell-derived activated carbon was obtained. 
2. Materials and Methods 
2.1 Sample Collection 
Paint wastewaters were obtained from two different paint industries located in Lagos of Nigeria. 
Coconut shells were obtained from Ogbomoso market in Nigeria.  
 
2.2 Carbonization of Coconut Shell and Its Chemical Activation 
The starting raw material, coconut shell (agricultural by-product) was sun dried and crushed into small 
chips (< 1 mm and > 1 mm particle sizes) prior to carbonization process. It was then placed in a stainless steel 
container with a cover and put in a furnace. The sample was heated at 400°C for a period of 3 h. After the 
pyrolysis, the pyrolysed sample (residual char) was allowed to cool and washed with deionized water to remove 
any left impurities. The washed residual char was dried in an oven at 110°C for 1 h. The next step was the 
chemical activation. This was done by mixing l00 g of the residual charcoal with 200 ml of phosphoric acid 
(H3PO4) and left for 48 h. After decantation, the sample was pyrolysed at 500°C for 3 h in a furnace. The 
obtained activated carbon was allowed to cool and then washed with potassium hydroxide (KOH) and deionized 
water. It was then dried in an oven at 110°C for 3 h. Chemical activation of the carbonized coconut shell was 
repeated at activation temperature of 600, 700, 800, 900 and 1000 oC, respectively. The activated carbons thus 
obtained were finally smoothened, stored in well-fitted airtight corked bottles and properly labeled before being 
characterized. 
 
2.3 Characterization of Coconut Shell-Derived Activated Carbon 
The coconut shell-derived activated carbon was characterized for specific surface area, iodine number 
and functional groups. The specific surface area of the adsorbent was determined using methylene blue (MB) 
sorption method (Unnithan et al., 2002; Agarry et al., 2013a). Methylene blue aqueous solutions, in the 
concentration range of 10 to 50 mg/l, were allowed to agitate with 2 g of adsorbent till the attainment of 
equilibrium. The concentration of MB solutions was determined at 664 nm. The adsorption isotherm data that 
were obtained was used to calculate specific surface area using Eq. (1): 
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Where SA  is the specific surface area (m2/g); fM  is the amount of MB (in µmol) adsorbed per 100 g of the 
biosorbent when the surface is completely covered with a monolayer of MB; N is the Avogadro number, and Am, 
is the cross-sectional area per molecule on the surface (130 A2).  The value of fM  was obtained by 
extrapolating the isotherm to the eq  and thus taken as point of monolayer coverage. The coconut shell-derived 
activated carbon was characterized for surface functional groups by Fourier Transform Infra Red Spectroscopy 
(FT-IR) method using a Perkin–Elmer 2000 infrared spectrometer. The spectrum of the biosorbent was recorded 
in 400−4000 cm−1. 
The carbonaceous adsorbents were characterized for iodine number in accordance with ASTM (1995). 
The iodine number gives an indication of the adsorption capacity of activated carbon in microspores (that is, an 
indication of porosity) (Rengaraj et al., 2002).  For the determination of iodine number, 0.1 g of the sample was 
taken into a 250 ml conical flask. About 10 ml 0.05 M iodine solution in aqueous potassium iodide was added 
into the flask. After 1 h, the solid mass was separated by centrifuging the mixture and the residual iodine in 
solution was titrated using 0.1 M sodium thiosulphate solution. The iodine number was calculated as mg of 
iodine adsorbed by one gram of activated carbon. The samples of carbonaceous adsorbent were tested for pH by 
stirring with deionized water for 2 h and left for 24 h after which the pH of the water was taken. 
 
2.4 Batch Adsorption Equilibrium Studies   
The batch adsorption tests were carried out in a glass-stoppered 250 ml Erlenmeyer conical flask with 
100 ml of working volume and an initial phenol concentration of 35 mg/l present in the paint wastewater having 
a pH of 6.  A weighed amount (0.5 g) of granular adsorbent was added to the solution. The flasks were agitated 
at a constant speed of 150 rpm for 180 min in a temperature controlled water bath shaker at 30oC. Samples were 
collected from the flasks at predetermined time intervals for analyzing the residual phenol concentration in the 
wastewater. Prior to analysis, samples were centrifuged to separate adsorbent from the adsorbate and minimize 
interferences. The residual phenol concentrations were determined using UV-spectrophotometer at an 
absorbance wavelength of 340 nm. The procedure was repeated for granular adsorbent dose of 1.0, 2.5, 5.0, 10 g 
and powdered adsorbent dose of 0.5, 1.0, 2.5, 5.0 and 10 g, respectively. The amount of adsorption at 
equilibrium, eq (mg/g) was calculated according to Eq. (2) (Crisafully et al., 2008): 
   
W
VCC
q eoe
)( −
=
            (2) 
Where oC and eC (mg/l) are the initial and final (equilibrium) concentrations of phenol in waste water. V (ml) 
is the volume of the waste water and W (g) is the mass of dry adsorbent used.  
 
2.5 Batch Kinetic Studies 
The procedures for kinetic studies were basically identical to those of batch equilibrium studies. The 
amount of phenol adsorbed at time t , tq  was calculated according to Eq. (3) (Xun et al., 2007): 
   
W
VCC
q tot
)( −
=
          (3) 
Where tC  is the concentration of phenol in waste water at time, t . Where the percentage of phenol removal was 
calculated using Eq. (4) (Hamad et al., 2011):   
                 Removal (%) = 100×−
o
to
C
CC
         (4) 
2.6 Adsorption Isotherms 
An adsorption isotherm represents the equilibrium relationship between the adsorbate concentration in 
the liquid phase and that on the adsorbent surface at a given condition. A number of isotherms have been 
developed to describe equilibrium relationships. In the present study, Langmuir and Freundlich models were 
used to describe the equilibrium data.  
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The Langmuir isotherm model (Langmuir, 1918) is given in Eq. (5): 
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max
       (5) 
Where maxQ and a  are isotherm constants. Langmuir constant ( maxQ ) is a measure of the amount of adsorbate 
sorbed per unit weight of adsorbent, when saturation is attained. Langmuir constant ( a ) is related to energy of 
adsorption (i.e. affinity of the binding sites). Where maxQ and a can be determined from the linear plot of eq1
vs. eC1 . Langmuir equation is valid for monolayer sorption unto a surface with a finite number of identical 
sites which are homogeneously distributed over the sorbent surface (Popuri et al., 2007). The basic assumption 
of Langmuir model is that sorption takes place at specific sites within the adsorbent. Theoretically, therefore, a 
saturation value is reached beyond which no further sorption can take place. 
The Freundlich isotherm model (Freundlich, 1906) is given in Eq. (6): 
    
n
efe CKq
/1
=
         (6) 
Where fK  and n  are Freundlich constants. fK  is roughly an indicator of the adsorption capacity (mg/g) and 
n  is the adsorption intensity. The Freundlich isotherm is used for non-ideal adsorption on heterogeneous surface 
energy systems (Annadurai et al., 2000). It suggests that binding sites are not equivalent and/or independent. 
Where, fK  and 1/ n  can be determined from the linear plot of eqlog vs.
 
eClog . 
 
2.7 Adsorption Kinetics Modelling  
In order to analyze the rate of adsorption and possible adsorption mechanism of phenol onto granular 
and powdered coconut shell-derived activated carbon, the Lagergren pseudo first- order (Lagergren, 1898), 
pseudo second-order (Ho and Mckay, 2000) and intraparticle diffusion (Weber and Morris, 1963) were applied 
to adsorption data. 
The Lagergren pseudo first-order kinetic model equation (Lagergren, 1898; Mckay and Ho, 1999) is 
represented in an integral form as given in Eq. (7): 
    
tkqqq ete 1ln)ln( −=−        (7)  
Where, 
eq  is the calculated maximum equilibrium adsorption capacity (mg/g) and 1k  is the adsorption rate 
constant (min-1). The values of 
eq and 1k  were calculated from the slope and intercept of the linear plots of 
)ln( te qq − vs t . 
The pseudo-second- order kinetic model which is based on the assumption that chemisorption is the 
rate-determining step and can be expressed as: 
    
eet q
t
qkq
t
+= 2
2
1
     (8) 
Where 2k is the rate constant of second order biosorption (g/mg/min). The initial adsorption rate, h (mg g-1 min-
1) is represented as in Eq. (9) (Sari et al., 2010): 
    
2
2 ead qkh =       (9) 
 Values of 2k and eq  were calculated from the plots of tqt vs. t  for granular and powdered coconut shell-
derived activated carbon.  
The Weber and Morris (1963) intra particle diffusion kinetic model can be written as presented in Eq. 
(10): 
    
CtKq pt +=
2/1
       (10) 
Where pK is the intra particle diffusion rate constant (mg/g min-½) and C is the intercept. 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.7 No.5, 2015 
 
127 
The intercept of the plot reflects the boundary layer effect. Larger the intercept, greater is the contribution of the 
surface sorption in the rate controlling step. Intra particle diffusion is the sole rate-limiting step if the regression 
of tq  vs. 
2/1t
 
is linear and passes through the origin (Weber and Morris, 1963; Agarry et al., 2013a, 2013b). 
 
3. Results  
3.1 Characterization of Coconut Shell Activated Carbon 
FT-IR spectrum of coconut shell activated carbons were obtained in order to identify the functional 
groups like -OH, -CO, -CHO, N-H, - CONH, -C=C- and -COOH present in them that can be involved in bonding 
with phenol during adsorption. The FTIR Analysis result (Table 1) shows the transmittance spectra of the 
coconut shell, granular coconut shell activated carbon, and powdered coconut shell activated carbon. 
 
Table 1. FTIR spectrum elucidation of coconut shell (CS), granular coconut shell activated carbon (GCSAC) and 
powdered coconut shell activated carbon (PCSAC) 
Wavelength 
Range (cm-1) 
Absorption peak 
number (cm-1) for CS 
Absorption peak 
number (cm-1) for 
GCSAC 
Absorption peak 
number (cm-1) for 
PCSAC  
Suspected 
functional groups 
3700-3200 3625-3210 3528 3520 OH groups 
3000-2800 2904-2862 2895 2893 CH stretching 
1750-1700 1739-1710 1724.7 1725 C=O stretch 
1670-1500 1658.7-1525.2 1598.4 1598 COOH and C=C 
stretch (alkenes), 
NH2 deformation, 
NH deformation 
1450-1250  1450 -1260 1368.6 1368.3 C-H bend, C-O, 
C-N, and OH, 
COOH) and 
amide group (N-H 
bending), CH2 
deformation 
1150-1050 - 1108 1107 C-O (alcohol), C-
N  stretch 
(nitriles), C-H 
bending (alkanes), 
PO43- stretching 
 
The values of the specific surface area, iodine number, bulk density, ash content and moisture content obtained 
for the granular and powdered coconut shell activated carbons are presented in Table 2.  
 
Table 2: Characterization of coconut shell carbon activated at 900 and 1000oC 
Particle size Activation 
temperature (oC) 
Bulk density 
(g/cm3) 
Ash content 
(%) 
Iodine number 
(m2/g) 
Specific 
surface area 
(m2/g) 
Granular coconut 
shell carbon 
900 0.311 2.65 487 1076.09  
Powdered coconut 
shell carbon 
900 0.265 2.63 679 1344.83 
Granular coconut 
shell carbon 
1000 0.295 2.64 568 2148.27 
Powdered coconut 
shell carbon 
1000 0.254 2.62 700 2406.52 
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3.2 Effect of Temperature on Carbon Yield 
Fig. 1 shows the effect of activation temperature on the yield of carbon from coconut shell of different 
particle size (> 1 mm and < 1 mm).  
              
 
 Fig. 1: Effect of temperature on the yield of carbon from coconut shell 
 
 
3.3 Effect of Adsorbent Particle Size 
Result for the effect of adsorbent particle size on the adsorption of phenol by coconut shell-derived 
activated carbon is as shown in Fig. 2.   
 
 
 Fig. 2: Effect of adsorbent particle size (granular and powdered coconut shell activated carbon) on phenol 
adsorption 
 
3.4 Effect of Adsorbent Dosage   
In this study, five different adsorbent dosages were selected ranging from 0.5 to 10 g while the phenol 
concentrations present in the paint wastewater is 35 mg/l. The results are presented in Fig. 3.  
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Fig. 3: Effect of adsorbent dosage on phenol adsorption by (a) granular coconut shell activated carbon, (b) 
powdered coconut shell activated carbon 
 
3.5 Adsorption Isotherms 
The isotherm plots of Langmuir and Freundlich for granular and powdered coconut shell activated 
carbon are presented in Fig. 4 and the estimated isotherm constants from the plot are presented in Table 3. 
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Fig. 4: Langmuir isotherm model fitted to the phenol equilibrium adsorption data for (a) granular coconut shell-
derived activated carbon, (b) powdered coconut shell-derived activated carbon. Freundlich isotherm model fitted 
to the phenol equilibrium adsorption data for (c) granular coconut shell activated carbon, (d) powdered coconut 
shell activated carbon. 
 
Table 3. Adsorption isotherm parameters and correlation coefficients obtained for phenol adsorption by coconut 
shell activated carbon  
Isotherm models Granular coconut shell activated 
carbon 
Powdered coconut shell activated 
carbon 
Langmuir 
         maxq (mg/g)   
 
7.58 
 
4.31 
         a (L/mg)   0.3376 12.5 
        
2R  0.9880 0.9890 
Freundlich 
        fK (mg/g)(L/mg) 
 
2.01 
 
3.63 
        n  1.07 1.55 
       
2R  0.9940 0.9920 
 
3.6 Adsorption Kinetics Modelling 
The plots of fitted pseudo first-order, pseudo second-order and intra-particle diffusion kinetic models to 
the adsorption kinetic data are presented in Fig. 5 while the estimated constants of these models are given Table 
4. 
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Fig. 5: Pseudo first-order kinetics fitted to phenol adsorption kinetic data of (a) granular coconut shell-derived 
activated carbon, (b) powdered coconut shell-derived activated carbon. Pseudo second-order kinetics fitted to 
phenol adsorption kinetic data of (c) granular coconut shell-derived activated carbon, (d) powdered coconut 
shell-derived activated carbon. Intra-particle diffusion model fitted to phenol adsorption kinetic data of (e) 
granular coconut shell-derived activated carbon; (f) powdered coconut shell-derived activated carbon.  
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Table 4. Pseudo first-order, pseudo second-order and intra-particle diffusion kinetic constants and correlation 
coefficients obtained for phenol adsorption by coconut shell activated carbon  
Kinetic models GCSAC PCSAC 
Pseudo first-order 
          1k  (min-1) 
 
0.036 
 
0.048 
           eq (theo.) (mg/g) 1.020 1.231 
           eq (exp) (mg/g) 0.693 0.698 
            
2R  0.9030 0.9480 
Pseudo second-order 
            2k  (g/(mg.min)) 
 
0.043 
 
0.078 
            eq (theo.) (mg/g) 0.821 0.775 
            h  (mg g-1min-1) 0.0289 0.0469 
            
2R  0.9470 0.9770 
Intra-particle diffusion 
            pK (mg/(g min0.5)) 
 
0.075 
 
0.065 
             C  -0.088 0.036 
            
2R  0.9770 0.9270 
 
4. Discussion 
From Table 1, coconut shell spectra’s vibrations shows that it may have the presence of phenols or 
monomeric alcohols due to the wave numbers corresponding to 3625-3210 cm-1. It also has peaks around the 
range of 1260 cm-1 to 1658.7 cm-1, which might lead to the existence of alkenes, alkanes, amines and nitro 
compounds. Strong stretching vibrations at 1739 cm-1 may correspond to the C-H bonds of the Phenyl ring 
substitution overtones. The presence of N-H bonds of the amines and O-H bonds of the carboxylic acids are also 
suspected however from Table 1, it can be observed that the spectra of the coconut shell and the activated carbon 
vary by large deviations. But the granular and powder activated carbon spectra are the same. The spectra’s 
vibration of the granular activated carbon are stretched from 2895 cm-1 to 3528 cm-1 thus giving a clue for the 
presence of O-H bonds of carboxylic acids, monomeric alcohols and phenols, along with the presence of C-H 
bonds of aromatic rings and N-H of the amines. In addition, it has peaks at 1108 cm-1 which may indicate the 
existence of alcohols, ethers and nitriles. Furthermore, the spectra also imply a composition of alkanes, alkenes 
and CN amines present in the activated carbon. 
Bulk density is an important parameter of powdered solids. The American Water Work Association has 
set a lower limit on bulk density at 0.25 g/ml for activated carbon to be of practical use. The bulk density values 
of the prepared coconut shell activated carbon at different size and temperature as presented in Table 2 satisfies 
this condition. The bulk densities values are in agreement with the values reported in literature (Gueu et al., 
2003; Veena Devi et al., 2012). From Table 2, it can be seen that the ash content in the coconut shell activated 
carbons (granular and powdered forms) is low. The low ash content makes it an attractive candidate for 
adsorption studies. The ash content of commercial activated carbon is around 2% (Veena Devi et al., 2012). If 
ash content is high it will interfere with pore structure development and hence adsorption will be less (Devi et 
al., 2012). The result in Table 2 shows that the specific surface area increased with increase in activation 
temperature. A similar observation has been reported (Veena Devi et al., 2012). In addition, the values of 
specific surface area of granular and powdered coconut shell activated carbon produced at 900 oC of activation 
temperature is within the value of 500 to 2000 m2/g recommended for commercial activated carbon (). These 
values for coconut shell activated carbon are in agreement with other studies (Veena Devi et al., 2012). Thus, the 
coconut shell activated carbons produced at 900 oC were used for further studies.  
The powdered coconut shell activated carbon showed higher surface area than the granular coconut 
shell activated carbon (i.e. surface area increased with decreased particle size). The iodine numbers of coconut 
shell activated carbons prepared in this investigation lies between 480-700 m2/g. Generally, higher the iodine 
number, greater is the sorption capacity. From Table 2, it can be seen that the iodine number increased as the 
activation temperature increased and particle size decreased. This suggests that surface area has increased in 
terms of microscopic pores. The value of iodine number for GCSAC and PCSAC revealed that the adsorbents 
are significantly porous and this porosity imparts a higher surface area to the adsorbents which was confirmed by 
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the high surface area value obtained. The interaction of GCSAC and PCSAC with deionized water showed that 
pH of the water was lowered, which indicates that the prepared carbonaceous adsorbent comes under 'L' type 
carbon according to Steenberg Mattson classification (No.7). The powdered coconut shell activated carbon 
showed higher iodine number than the granular coconut shell activated carbon. 
As shown in Fig. 1, it is seen that for each of the coconut shell particle size, the yield of carbon 
increases with increase in activation temperature. Similar observations have been reported (Legrouri et al., 
2012). It is seen from Fig. 2 that the adsorption capacity of powdered coconut shell-derived activated carbon (< 1 
mm particle size) was relatively higher than that of the granular coconut shell-derived activated carbon (> 1 mm 
particle size). This is in agreement with the observation that adsorption capacity increased with decrease in 
particle size diameter (Annadurai et al., 2000;) Percentage phenol removal is relatively higher with powdered 
coconut shell-derived activated carbon than with granular coconut shell-derived activated carbon and this may be 
due to increased surface area (i.e. smaller particles have higher surface area per unit mass)  as well as micro pore 
volume (Agarry and Aremu, 2012b). Smaller particle size means more interior surface and micro pore volume and 
hence more will be the area of active sites for adsorption. Also for larger particles the diffusion resistance to mass 
transfer is higher and most of the internal surfaces of the particle may not be utilized for adsorption and consequently 
the amount of phenol adsorbed is small (Lakshmi et al., 1994; Annadurai et al., 2000, Dabhade et al., 2009).  
It was observed that percentage of phenol removal increased with increase in adsorbent dose (Fig. 3(a) 
and 3(b). This kind of a trend is mostly attributed to an increase in the adsorptive surface area and the availability 
of more active binding sites on the surface of the adsorbent (Nasuha et al., 2010; Das and Mondal, 2011). 
However, the equilibrium adsorption capacity showed an opposite trend. As the adsorbent dosage was increased 
from 0.5 to 10 g, the adsorption capacity reduced from 6.34 to 0.35 mg/ using granular coconut shell-derived 
activated carbon g (Fig. 3(a)) and from 6.44 to 0.38 mg/g for powdered coconut shell-derived activated carbon 
(Fig. 3(b)), respectively. This may be due to the decrease in total adsorption surface area available to phenol 
resulting from overlapping or aggregation of adsorption sites (Crini et al., 2007; Akar et al., 2009; Agarry et al., 
2013b). Thus, with increase in the adsorbent mass, the amount of phenol adsorbed onto unit mass of adsorbent 
gets reduced, thereby causing a decrease in q value with increasing adsorbent mass concentration. Furthermore, 
maximum phenol removal (99%) lies between the use of 2.5 and 5 g of powdered coconut shell-derived 
activated carbon and further increase in adsorbent dose did not significantly change the adsorption yield. This is 
due to the non-availability of active sites on the adsorbent and establishment of equilibrium between the phenol 
on the adsorbent and in the wastewater (Agarry et al., 2013b). 
The estimated constants of Langmuir isotherm from the linear plot of ( eq1 vs. eC1 ) (Fig. 4(a) are 
given in Table 3. It can be explained apparently that when a  > 0, sorption system is favorable (Chen et al., 
2008).  In this study, a  is 0.3376 L/mg and the maximum monolayer adsorption capacity ( maxQ ) is 7.58 mg/g 
obtained for granular coconut shell-derived activated while the corresponding a and maxQ  value of 12.5 L/mg 
and 4.31 mg/g was obtained for powdered coconut shell-derived activated carbon. Sathishkumar et al. (2009) 
obtained 17.94 mg/g as the maximum monolayer adsorption capacity of maize cob carbon for the adsorption of 
2,4-dichlorophenol while 14.25 mg/g was obtained by Agarry et al. (2013b) as the maximum monolayer 
adsorption capacity of modified plantain peels for the adsorption of 2,6-dichlorophenol.  
The evaluated constants of Freundlich isotherm from the linear plot of eqlog vs. eClog  (Fig. 4(b)) as 
given in Table 3 revealed that
 
fK  and n  values were found to be 2.01 mg/g(L/mg)1/n and 1.05 for granular 
coconut shell-derived activated carbon while corresponding fK  and n  value of 3.63 mg/g(L/mg)1/n and 1.55 
was obtained for powdered coconut shell-derived activated carbon, respectively. Namasivayam and Kavitha 
(2004) obtained fK and n  values of 1.2 and 0.7 for the adsorption of 2, 4, 6-trichlorophenol (TCP) onto coir 
pith carbon while Radhika and Palanivelu (2006) correspondingly obtained a fK and n values of 2.05 and 1.5 
for the adsorption of 2, 4, 6-trichlorophenol (TCP) onto coconut shell activated carbon. Generally, Langmuir and 
Freundlich isotherm models fitted well to the equilibrium adsorption experimental data with high correlation 
coefficient. However, for the granular and powdered coconut shell-derived activated carbon, the Freundlich 
isotherm model provided the best fit with a higher correlation coefficient ( =2R 0.9940 and 0.9920) to describe 
the adsorption process. A similar observation has been reported for the adsorption of 2, 4-DCP onto activated 
bamboo charcoal (Ma et al., 2010) and the adsorption of 2, 4, 6- trichlorophenol (TCP) onto coir pith carbon 
(Namasivayam and Kavitha, 2004) and coconut shell carbon (Radhika and Palanivelu, 2006).  
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For Langergren pseudo first-order kinetic model, the parameter values of 
eq and 1k  were calculated 
from the slope and intercept of the linear plots of )ln( te qq − vs t  (Fig. 5(a) and 5(b)). The respective values as 
given in Table 4 showed that the adsorption rate constant ( 1k ) is relatively higher for powdered coconut shell-
derived activated carbon than the granular coconut shell-derived activated carbon. Also, the parameter values of 
2k and eq  for pseudo second-order kinetic model were calculated from the plots of tqt vs. t  (Fig. 5(c) and 
5(d) for granular and powdered coconut shell-derived activated carbon. The respective constant values as given 
in Table 4 revealed that the rate constant 2k  of 35 mg/l phenol adsorption is relatively higher for powdered 
coconut shell-derived activated carbon than that for granular coconut shell-derived activated carbon. 
As shown in Fig. 5(e) and 5(f) for intra particle diffusion model, the linear plot of  tq  vs. 2/1t did not 
pass through the origin. This deviation from the origin is due to difference in the rate of mass transfer in the 
initial and final stages of the adsorption (Agarry et al., 2013b). This indicated the existence of some boundary 
layer effect and further showed that intra particle diffusion was not the only rate limiting step.  The calculated 
diffusion coefficient pK  values are listed in Table 4. The pK value is higher for granular coconut shell-derived 
activated carbon than for powdered coconut shell-derived activated carbon. Generally, all the tested adsorption 
kinetic models fitted well to the adsorption kinetic data with high correlation coefficient for granular and 
powdered coconut shell-derived activated carbon; however, the pseudo second-order kinetic model gave the best 
fit with a higher correlation coefficient to describe the adsorption behaviour of phenol onto granular and 
powdered coconut shell-derived activated carbon. Similar observations have been reported for the adsorption of 
chlorophenols onto other agricultural by-product–derived carbon adsorbents (Sathishkumar et al., 2009; Ma et 
al., 2010; Sharaani and Hameed, 2010; Hamad et al., 2011; Wang et al., 2011). 
 
Conclusion 
In this study, phosphoric acid activated carbon was produced from coconut shell. It was tested and 
evaluated as a possible adsorbent for removal of phenol from paint wastewater using batch adsorption technique. 
The adsorption process is also dependent on some factors such as the contact time, adsorbent particle size 
(granular and powdered form) and adsorbent dosage. The percentage removal of phenol from paint wastewater 
increased with increase in contact time and adsorbent dose up to a certain level and relatively higher for 
adsorbent with small particle size (powdered form). Adsorption equilibrium data fitted very well to both 
Langmuir and Freundlich isotherm models, however, the Freundlich isotherm equation gave the best fitting, 
confirming the non-ideal heterogeneous adsorption capacity of phenol onto coconut shell-derived activated 
carbon with an adsorption capacity ( fK ) of 2.01 mg/g and adsorption intensity ( n ) of 1.07 for granular 
coconut shell activated carbon and corresponding 3.63 mg/g and 1.55 for powdered coconut shell activated 
carbon at 30 oC. The adsorption kinetics followed pseudo second-order kinetic model with a very good 
correlation coefficient suggesting that the biosorption process is presumably chemisorption. Intra-particle 
diffusion was not the sole rate controlling factor. 
 
Acknowledgement 
The authors wish to thank the staff of Central Research Laboratory and Mr. Waheed Azeez of Ladoke Akintola 
University of Technology, Ogbomoso, Nigeria for their technical support.  
 
References 
Abbasi, W.A. and Stree, M. (1999). Adsorption of uranium from aqueous solution using activated 
carbon. Sep. Sci. and Technol., 29 (9): 1217- 1230.  
Agarry, S. E., Durojaiye, A. O., Yusuf, R. O., Aremu, M. O., Solomon, B. O. and Mojeed, O. (2008). 
Biodegradation of phenol in refinery waste effluents by pure cultures of Pseudomonas aeruginosa NCIB 
950 and Pseudomonas fluorescence NCIB 3756. Int. J. Environ. Pollut., 32 (1): 3 – 11. 
Agarry, S. E. and Owabor, C. N. (2012). Evaluation of the adsorption potential of rubber (hevea brasiliensis) 
seed pericarp-activated carbon in abattoir wastewater treatment and in the removal of iron (iii) ions from 
aqueous a solution. Nigerian J. Technol., 31 (3): 346–358. 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.7 No.5, 2015 
 
135 
Agarry, S. E. and Aremu, M. O. (2012). Batch equilibrium and kinetic studies of simultaneous adsorption and 
biodegradation of phenol by pineapple peels immobilized Pseudomonas aeruginosa NCIB 950. British 
Biotechnol. J., 2 (1): 26 – 48. 
Agarry, S. E., Ogunleye, O. O. and Aworanti, O. A. (2013a). Biosorption equilibrium, kinetic and 
thermodynamic modelling of naphthalene removal from aqueous solution onto modified spent tea leaves. 
Environ. Technol., 34 (7): 825-839.     
Agarry, S. E., Owabor, C. N. and Ajani, A. O. (2013b). Modified plantain peel as cellulose-based low-cost 
adsorbent for the removal of 2, 6–dichlorophenol from aqueous solution: adsorption isotherms, kinetic 
modelling and thermodynamic studies. Chem. Eng. Comm., 200 (8): 1121-1147. 
Akar, S.T., Ozcan, A.S., Akar, T., Ozcan, A. and Kaynak, Z. (2009). Biosorption of a reactive textile dye from 
aqueous solutions utilizing an agro-waste. Desalination, 249 (2):757–761 
Akyol, A. (2012) Treatment of paint manufacturing wastewater by electrocoagulation. Desalination 285: 91 – 
99. 
Annadurai, A., Babu, S.R., Mahesh, K.P.O. and Murugesan, T. (2000). Adsorption and biodegradation of phenol 
by chitosan-immobilized Pseudomonas putida (NICM 2174). Bioprocess Eng., 2: 493-501. 
Annadurai, G., Juang, R.S and Lee, D.J. (2002). Adsorption of heavy metal from water using banana and orange 
peels. Water Sci. Technol., 47:185-190. 
ASTM-D4607-94 (1995) Standard Test Method for Determination of Iodine Number of Activated Carbon”, 
Philadelphia. 
ATSDR (1999). Agency for toxic substance and disease registry.Toxicological profile for chlorophenols. 
Atlanta, GA: US Department of Health and Human Services, Public Health Service. 
Badmus, M. A. O., Audu, T. O. K. and Anyata, B.U. (2007): Removal of lead ion from industrial wastewaters by 
activated carbon prepared from periwinkle Shells (Typanotonusfuscatus).Turkish J. Eng. Env. Sci., 31 
(4): 251 – 263 
Calabrese, E. J. and Kenyon, E. M. (1991). Air toxics and Risk Assessment. Lewis publishers, Chelsea, MI. 
Chaiwattananont, R., Niyomwan, N. and Noda, Y. (1998) Optimum condition for high quality activated carbon 
production from Thai raw materials”. Report No 6. Thailand Institute of Scientific and Technological 
Research. 
Chaliha, S. and Bhattacharyya, K. G. (2008). Catalytic wet oxidation of 2chlorophenol, 2,4-dichlorophenol and 
2,4,6-trichlorophenol in water with Mn(II)-MCM41. Chem. Eng. J., 139, 575–588.  
Chen, B. and Schnoor, J.L. (2009). Role of suberin, suberan, and hemicellulose in phenanthrenen sorption by 
root tissue fractions of switchgrass (Panicum virhatum). Environ. Sci.Technol., 43: 4130–4136. 
Chen, B., Yuana, M., and Liu, H. (2011). Removal of polycyclic aromatic hydrocarbons from aqueous solution 
using plant residue materials as a biosorbent. J. Hazard Mater., 188: 436 – 442. 
Chen, Z., Ma, W. and Han, M. (2008):Biosorption of nickel and copper onto treated alga(Undariapinnarlifida): 
Application of isotherm and kinetic models. J. Hazard. Mater.,155 (1-2): 327-333. 
Crini, G., Peindy, H. N. Gimbert, F. and Robert, C.  (2007): Removal of C.I. Basic Green 4 (Malachite Green) 
from aqueous solutions by adsorption using cyclodextrin based adsorbent: kinetic and equilibrium 
studies. Sep. Purif. Technol., 53 (1): 97–110.  
Crisafully, R., Milhome, M.A., Cavalcante, R.M, Silveira, E.R., Keukeleire, D and Nascimento, F. (2008). 
Removal of some polycyclic aromatic hydrocarbons from petrochemical waste water using low-cost 
adsorbents of natural origin. Bioresour. Technol. 99: 4515-4519. 
Dabhade, M.A., Saidutta, M.B. and Murthy, D.V.R. (2009). Adsorption of phenol on granular activated carbon 
from nutrient medium: equilibrium and kinetic study. Int. J. Environ.Res., 3(4), 557–568. 
Das, B. and Mondal, N.K. (2011). Calcareous soil as a new adsorbent to remove lead from aqueous solution: 
equilibrium, kinetic and thermodynamic study. Universal J. Environ. Res. Technol., 1 (4): 515-530. 
Devipriya, S.P. and Yesodharan, S. (2010). Photo catalytic degradation of phenol in water using TiO2 and ZnO. 
J. Environ. Biol., 31, 247-249. 
Elkarmi, A.Z., Abu-Elteen, K.H.,  Atta, A.A. and Abu-Sbitan, N.A. (2009). Biodegradation of 2,4-
dichlorophenol originating from pharmaceutical industries. Afri. J. Biotechnol., 8 (11): 2558-2564 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.7 No.5, 2015 
 
136 
Environmental Protection Agency (EPA) 1979: Phenol ambient water quality criteria. Office of planning and 
standards. Washington, D. C. BB296786. 
Freundlich, H. M. F. (1906): Over the adsorption in solution. J. Phys. Chem., 57: 385- 471. 
Gueu, Yao, B., Adouby, K., and Ado, G. (2003) Heavy Metals removal in aqueous solution by activated carbons 
prepared from coconut shell and seed shell of the palm tree. J. Appl. Sci. 6(13): 2789-2793. 
Hamad, B.K., Noor, A-Md., Rahim, A.A. (2011). Removal of 4-chloro-2-methoxyphenol from aqueous solution 
by adsorption to oil palm shell activated carbon activated with K2CO3. J. Phys. Sci., 22(1), 39 – 55. 
Hameed, B. H., Mahmoud, D. K. and Ahmad, A. L. (2008). Equilibrium modeling and kinetic studies on the 
adsorption of basic dye by a low-cost adsorbent: Coconut (Cocos nucifera) bunch waste, J. Hazard. 
Mater. 158. 65–72. 
Hameed, B.H. (2009). Spent tea leaves: A new non-conventional and low-cost adsorbent for removal of basic 
dye from aqueous solution. J. Hazard. Mater. 161: 253-259. 
Ho, Y. S. and Mckay, G. (2000): The kinetics of sorption of divalent metal ions onto sphagnum moss peat. 
Water Res., 34 (3): 735-742. 
Hussain, A. A., Mohammed, S. R., Nallu, M. and Arivoli, S. (2012) Adsorption of Fe (III) from aqueous solution 
by acanthaceae activated carbon. J. Chem. Pharm. Res., 4 (4): 2325-2336. 
Lagergren, S. (1898). Zur theorie der sogenannte, adsorption geloster stoffe, Kungliga Svenska vetenskap-
sakademiens, HAndlingar 24:1-39. 
Lakshimi, Narayana Rao, K. C., Krishbaiah, K., Ashutosh, A. (1994). Colour removal from a dye stuff industry 
effluent using activated carbon. Indian J. Chem. Technol. 1:13-19. 
Langmuir, I. (1918): The adsorption of gases on plane surfaces of glass, mica and platinum. J.Am. Chem. Soc., 
40: 361-368. 
Laoufiy, N.A., Tassalit, D., Bentahar, F. (2008). The degradation of phenol in water solution by TiO2 photo 
catalysis in a helical reactor. Global Nest J., 10, 404-419. 
Legrouri, K., El Harti, M., Oumam, M., Khouya, E., Wahbi, R., Hannache, H., Zarrouk, A. (2012) 
Characterization and evaluation performance of activated carbon prepared from coconut shell argan. J. 
Chem. Pharmaceutical Res., 4 (12): 5081-5088. 
Li, Y., Chen, B., and Zhu, L. (2010). Enhanced sorption of polycyclic aromatic hydrocarbons from aqueous 
solution by modified pine bark, Bioresour. Technol. 101: 7307–7313. 
Ma, J-W., Wang, H., Wang, F-Y., and Huang, Z-H. (2010). Adsorption of 2, 4-dichlorophenol from aqueous 
solutions by a new low cost adsorbent-activated bamboo charcoal. Sep. Sci. Technol. 45: 2329-2336. 
McKay, G. and Ho, Y. S. (1999). Sorption of lead (II) ions on peat. Water Res., 33: 578-584. 
Mohammed, A, Nesaratnam, S. and Mohammed, H. (2005) Preparation of phosphoric acid-activated carbon 
using palm date pits: physico-chemcial and adsorptive properties, J. Chem. Technol., 2005 Available: 
www.ies.org.sg/journal/current/v46/v462_2.pdf [1st August 2008] 
Namasivayam C. and Kavitha, D. (2004). Removal of phenol and chlorophenols from water by coir pith carbon: 
Equilibrium and rate studies. J. Environ. Eng. Sci., 46(3): 217-232. 
Nasuha, N., Hameed, B. H. and Din, A. T. M. (2010): Rejected tea as a potential low cost adsorbent for the 
removal of methylene blue. J. Hazard. Mater., 175 (1-3):126-132. 
Ozcan, A. and Ozcan, A. S. (2005) Adsorption of Acid Red 57 from Aqueous Solutions onto surfactant modified 
Sepiolite. J. Hazard. Mater., 125: 252-259 
Popuri, S.R., Jammala, A., Reddy, K.V.N. and Abburi, K. (2007). Biosorption of hexavalent chromium using 
tamarind (Tamarinddus indica) fruit shell - a comparative study. Electronic J. Biotechnol. 3: 358-367. 
Poulopoulos, S. G., Nikolaki, M., Karampetsos, D. & Philippopoulos, C. J. (2008). Photochemical treatment of 
2-chlorophenol in aqueous solution using ultraviolet radiation, hydrogen peroxide and photo-Fenton 
reaction. J. Hazar. Mater., 153, 582–587. 
Prpich, G. P. and Daugulis, A. J. (2005). Enhanced biodegradation of phenol by a microbial consortium in a 
solid-liquid two-phase partitioning bioreactor. Biodegradation 16: 329 – 339 
Radhika, M. and Palanivelu, K. (2006). Adsorptive removal of chlorophenols from aqueous solution by low cost 
adsorbent- Kinetics and isotherm analysis. J. Hazard. Mater., 138(1), 116-124. 
Rengaraj, S., Moon, S. H., Sivabalan, R.,  Arabindoo, B. and Murugesan, V. (2002) Removal of phenol 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.7 No.5, 2015 
 
137 
from aqueous solution and resin manufacturing industry waste water using  agricultural waste: rubber seed coat. J. 
Hazard. Mater., B89: 185-196.  
Sari, A., Cıtak, D. and Tuzen, M. (2010):Equilibrium, thermodynamic and kinetic studies on adsorption of Sb 
(III) from aqueous solution using low-cost natural diatomite. Chem. Eng. J.,162 (2): 521–527 
Sathishkumar, M., Binupriya, A.R., Kavitha, D., Selvakumar, R., Jayabalan, R., Choi, J.G. and Yun, S.E. (2009). 
Adsorption potential of maize cob carbons for 2, 4-dichlorophenol removal from aqueous solutions: 
Equilibrium, kinetics and thermodynamic modeling. Chem. Eng. J. 147 (2-3): 265-271. 
Sharaani, F.W. and Hameed, B.H. (2010). Batch adsorption of 2, 4-dichlorophenol onto activated carbon derived 
from agricultural waste. Desalination 255 (1-3): 159-164. 
Sirichote, O., Innajitara, W., Chuenchom, L., Chunchit, D. and Naweekan, K.(2002). Adsorption of iron (III) ion 
on activated carbons obtained from bagasse, pericarp of rubber fruit and coconut shell. Songklanakarin J. 
Sci. Technol., 24 (2): 235-242. 
Tan, I. A. W., Ahmad, A. L. and Hameed, B. H. (2009). Adsorption isotherm, kinetics, thermodynamics and 
desorption studies of 2,4,6– trichlorophenol on oil palm empty fruit bunch-based activated carbon. J. 
Hazar. Mater., 164: 473–482. 
Unnithan, M. R., Vinod, V. P., and Anirudhan, T. S. (2002). Ability of iron (III) loaded carboxylated 
polysacrylamide-grafted sawdust to remove phosphate ions from aqueous solution and fertilizer industry 
wastewater: Adsorption kinetics and isotherm studies. J. Appl. Polym. Sci. 84: 2541–2553. 
Veena Devi, B., Jahagirdar, A. A., Ahmed, M. N. Z. (2012)  Adsorption of chromium on activated carbon 
prepared from coconut shell. Inter. J. Eng. Res. Application 2 (5): 364-370. 
Vinod, V. P. and Anirudhan. T. S. (2002) Effect of experimental variables on phenol adsorption on activated 
carbon prepared from coconut husks by single step steam pyrolysis: mass transfer process and 
equilibrium studies, J. Sci. Ind. Res., 61: 128-138. 
Wang, X., Pan, J., Guan, W., Zou, X., Hu, W., Yan, Y. and Li, C. (2011). Adsorptive removal of 2, 6-
dichlorophenol from aqueous solution by surfactant-modified palygorskite sorbents. Adsorption Sci. 
Technol. 29 (2): 185-196. 
Weber, W. J and Morris, J. C. (1963). Kinetics of adsorption on carbon from solution. J. Sanitary Eng. Div. Am. 
Soc. Civ. Eng. 89: 31-60/ 
Xun, Y., Shu-ping, Z., Wei, Z., Hong-you, C., Xiao-Dong, D., Xin-Mei, L., and Zi-Feng, Y. (2007). Aqueous 
dye adsorption on ordered malodorous carbons. J. Coll. Interf. Sci. 310: 83-89. 
Zhang C, Zhang X, Huang Z, Huang D, Cheng Q (2012) Adsorption and De-Sorption of Polycyclic Aromatic 
Hydrocarbons on Activated Carbon. J. Environment Analytic. Toxicol. 1:116.  
 
The IISTE is a pioneer in the Open-Access hosting service and academic event management.  
The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   
Prospective authors of journals can find the submission instruction on the following 
page: http://www.iiste.org/journals/  All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than those 
inseparable from gaining access to the internet itself.  Paper version of the journals is also 
available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 
 
 
